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• mx^ y#«tr« -iKiiiali hm-m 9Mm th« mi 
aitr®g«»"f Ixi^ , ®rg«i^  of th» gww® Awt6%*»%#r,, haw 
liwt ««rri«4 ««t mAtag WmiT a«%rlti«a«i «i tt«lr 
p-obftlil* #«»aoal« .importance in tfe# ai«Liat««»«# «f .t&l|. fertility. 
It i« gi»r«.lly agreed tMt A»tab»e1»r m.y, suitable ftraadlti«s  ^
l>® m tm^w ta -ml^mmm »f »®li fertility*- 2t le rmt 
^«ftait«ly k:a©m |m«t how mmh nltmom will fee- jp&«4 fey the®# ©rganisM 
mier fleltf «®a4ttiaas.,. hvA tlM mMm&m iatteat#® tliat 
%mt^ rM i^ w>rfc®»t ia adding to Mi# eosfc-emt »f tM» #-0ll 
tlw.r«f®'r« 1B fwslAt»g growis.-: crops wiMt tk# mitmgm th#y m#»4. 
Sts««- orgmisw. my %« t» imtateiatag ®»»f proimelag 
p©-»r oi tM. #olS it- hm irery d#si«*bl». t# -tetw * 
' 1 .^ ©f tfe# f*et«r» «aft. *©tlvl%f • mmy 
' -of ,tli* #©tl« fa-llftd to %» prmmmif of i-sot»fe»ot»r 
wft fc# mm .ftiettr ®r t^ mbimtioa ©f f n -^te-r* liattt^  tluelr gla -s:©!!®.., 
0«(3ftaia.ly th9 im^m ^ teli tl» gvm  ^«ii Bttr»f«a fl3*ti©a %• 
 ^thi, gro^p of d.««. 
la mmms,.-0 tfc* TOfply «f »i»r*ls 4a tfca soil wmy tsilmmm 
i#et»i«e%»p kiiy« 1-wia A«a te %# y»r%i«ml«,rl,f 
4«f«i«iat m tm awpply of fkxt potr Sf»^8i ®f I.»»tsfefiMet#r 
im -aeii s&tls agy %-e. •€»© t® tlteiip t® stilia# tli« ,|fe®sfkAt#« |»-r«gMit.» 
Mmmm 4-8.»t#ia«:t«r mm «• ^®«ssi%iir« t©  ^ ph«-mfl»t«- i@fi-.et«ey,. it fcw 
t&«t t4t®-ir pr««««® md ;Wl-#t ¥* »6«<i m «a t»4i©*t«r 
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*- J# •* 
m§Tomm3L 
AvliHri* «w&aa% !»*» h$mt ^»m' ts- d^0s^x»  ^mt«r® ©r tie® 
fiwettM mw mitmgm f* mfim 
#jp »tll b# ^ *18® 
8<itl 
It hma 1mm rmm^md far wb^ ymr& •^•fe A»t«b«ter mw Bmsitiwrn-
feo em m'OM §s«s to hmm-mf. !»»w ai««gr«.^wt. «»s^ 
tiw®«tlgat0r# tii® 4»ptm $f '^ 9m &rgmim& will 
tolsrat©. iAfasa ($S|- M 190S and Cli&'Si©!' {zl)  ^^  following y^aur fmmA • 
th*t %|e# .ifcititiaa #f "t^  to «.di<i soils *ify mterially th@ 
tity of aitro^te fls<id# Mfc»wls«, «id Mpaiii (tS) «i%»r 
•&m factors t^ob iafl\i©nce the qvatrfjlty g1' nitrogffla fisod by Azotobact#!" 
tmrnlvOM liNtfc «dil ration wm of ilmtim 
Ai&^y C4)» s##i#d ottlfew®. wiidi soils trmi fi«%s 
ifcitl, imM vmmbfrni, fertiliser tr»»'fe6«t-e :«^ mmmmA 
fImtloB of sltx^g«« f^a li# mlis«.d f!»%»* '&©• sits® mttttar f©«td, 
tliRt Tery little nitrog* •««•: fix«i i» ©oXutlons Saooulated wi-a pvctm 
#f if sftltttlos *« #v«a fltg&tlf CSi| «. 
«i«ldy ef Ml® ©a ait3rOf®B f ixatiott of llirtJi, a T©ry .ifc.eid 
cfsslMsrry -soil* !• f««s4 ia»,t il^i ®®4:1« tm # 
f»t awaltel s®lutl«» Aw»i Awt0b»«%«r gm^h i«Ml« 
eoil ild »t» Browg. (12) ti»t « «oil aitr®g»ii 
fctiesg,. «i4 i» •!©*»«« f ms f*^ s«r-« 
tt««l tts# i^p.Ii«a»fct« #f Ilms* la».t«4 (7), fei»i tlsi% Ife#. 
M4iM»a «f e«.l©iiei t# « *eli «#alaAai^ 
«%:«. iligfct ta ©f atte^g«a. 
Lipaan (55) observed'tl«t the influeiic® of calcii® 
eia'lemt® ©a. wrl#4 wltli «p<^i«s« Agotofei^t«r 
^em ta tii® of ©*l«lia». ttsirbomt'®* birti Aggto'o»et«y dfctroo* 
ooe.mia mi. TjaaJtoaiii w»re f«ry ^aeltifiii te ft litsk otf -tti# 
eafc3e%o»t«, Ch.ri«t»s»a 4msm (23) * «eif»rl«OT  ^ &£ th# fl 
'wk.lwi &t #&! eoil® imd th« presczw# ©f Se :mm mmmr» 
Itlsi &. follossriBg tublej 
f • t 
l«set|« '0. *Wi^ «r of sPsreent eontst*!!^ .^ 
* f A%9Wbm(^w. ... . 
&«8 or 1«S8 5? 0 
5,8 to 6.00 40 s»Q ;•  ^
6»0 -fco 6 •20 66 10.0 
S»2 "bo 6 *40 sa 3.3 .g • 
6 ,4  to 6.60 ?4 18.9 
S *6 to 6•SQ ts m*o 
6.8 to 7.00 • ,.?5 l.B,0 
?.0 to 7.tO •- a • •• 86 .S 
7,Z to ?.40 S3 9S.8 
T#4 ©r «&e*® X41 X00.0 
Qmtmy mA afcebelw (86) md «ad Mp»a. (151 tte® rff<®e% 
®f r»«tios of til# «alture meditea upsa mi A»t#%«.©t#r sai 
fomd that the limlttog iiydrogen Ion mm TBXf '&i&m t# fS S»f 
6.0. mA Bmhml»r (56) :•& -wmy ef tto 
«f iioll « grm^ mA. vi^gm f tafetea 
i«»r» f&«ai ia f#*' »«4I:« *« -Maiaa fl ^il« th» mm 
wwa-lly p»8«t is »®ll» wttt •« lii^r fl mlw®» '!&• iws»»^. l#a 
«f ^bh« »oll« » gm^k #f m®  ^5.fl, 
•liiil# tfe# »wr«g« toa ftf ^m:m miM Amin$ gpwtk 
• 10 
®l AsotsAne'ttr •*»! pll 6«87» It ms fo\Bid ttot if wfes 
late * soli mmm mM fB 6«0 tM« org#aii» wwli «xi«t for oaly m 
tt»^# If., m. oliier kmd, sttffiel«»t: "bmln mt»rt«fel wit® 
to mx aeM astl m .r«iM# t# pi .#-.00 » tE# or^ isa* 
m&- m-- A»tob&©ter .*»« miM^.^mAm. Mi«a ateld *»». 
,sirf4®i %& ». g«.lt a#» tfcsffi pi f #00> t«f swi «». as t® wife# it 
»» *»ii ^ m. fl S»6 tt mt tMr&m ft mM 
feeaol««l#d "ttefc M fwy almm. oorrelatioji existed r»a«tioa of 
soil 'WM -HI#  ^ «B1 the aljTOltti;# r®M%i®a 
if m&% th«f aetiml Itasitlag fae-tor ta esa1y0lHiBg 
,pr«*»e» #f %t« #.f orgajaiesss i» tli« soil* & s piare ©altw# 
it«»« ft4i.«i 'tt# w«twfe, siffMitj isf *. p«f®ttttag s. r^igeroflHa! ^mwUh 
#f A.s0i^ M«tiir mi t® pH 4il ettltwr®* Aowti mm. .^ tm& fl 
at pK 6»S m«, h s^iwr, Sfi »s%. -wmj 
!»«««»«« .Im s««rr#i &« m® iKsiil% until pS **« 
'w r^nhrni-m M thi# ^#i6©%i@a m® m v^ig^mm m «tt low®r h-^ m§m l«s 
«e»«afc»tl<w» a, 
«i. (f€} eaaitt^  K» sella «ai, tmmi ttet I# f»r 
e«mt asateiawt Itest «<»ll8 1«&» '«eM tiam  ^#.»4 fer®it^ € 
^T«.l«p®gBb ©f- %h# ore«Rls®* & fwr ©ri«tt.iaw w»r® fdwid Sa soils with a. 
%y^ ©geji tea mrnmtmtlm «® grm% m -gi S.f.#- (60)^  h«w«w#. •««» 
(elai«i ftaA nation for .A»«t®b«rt«r «»- ft# «ffi.t4 »Mm 'm» 
pfi BmB «fi I® S#S# Hi® grK*t««% aitras«« fimtim #«#wr®d h&^mm 
>1 f-»S «s€ i*4* A'b#  ^ «lUisr»« «f mttrog^a Trore f|»4 p®r o-alt««*«- % 
6#il« wtMi « fl S;4 .i®4 .&•§ «iitl« 4iit miM r^nm fl»€ 
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f» aHEf: f»Mrs. ia»«(«tif;atorj6 Mt© beliwed ««>t phosphorus pl&y® m 
l^ «f"fe«at »!»• ta and nitrogen fixation % Aaotobacter. Ther# i%. 
mm •Mitmmm of s^ laioii smlmtiw to t|ps: :aiM ittiffifclty of 
ftos^ at# tt»e4»4 by tois groisff of orgmi«#.» IsfmstlfaterB t&gm^  %l»t 
««». is iMsaBrfclftl.  ^
Mt«r of plieg^ r^s* «s 
bwtsr, I4pma (SS), B«&p C?)# «k *1 (f?) mA fcrtis #^ W&lfe®r (67) 
ttet -MAM®® to aoM ©dlto a?%t*l*^  
ftf «a4 &»er C®| wid® & at»if «©»• 
%#iEb «f ##11« ted Smmi that %l»e. ®f tfe# ©ml* 
%*-» ittftlfiiit tmm. 5*00 t# €•§$ IMl^ mtiag « 
'aiiifi #f phosphoarus'^ * 
ilMi mM m ti3%i»:l*# of »iii- rf is ti® 
fimtt« t^ mA ttatt tli® sdst*® ts*«telty sf t^o.i^ lio-rl© 
ii»|I ts, f«f» «f ««»«i»p©t8«si«a »©ia i*tilis»i fey  ^
fix- i© r^fi,U4gi!S« ©# aitrog«a wtlii i!»ie«t»«ltt«si of M ttf lifts 
S.#iS 1% w«« .ii3.«# f#a .^ 1^% Hi® ttla» tri-
tiaelw. ta a«»e «.!*§ fe# t# «. 
Ii3i|%i4 iy te «i# f^ etfStis# #f a^»4 ai^ f« ftxfc%I©»:. 
f«bi timt wm. m «laite relation ^ t»P8» •&• 
©f »©t«l f»« •wily m^isblm 
phmtm« »iwi. the immmi. mitjrogw .fi»«.* tfe» fw«%i% «f 
fitoftilsifrt is fim i^wt ##«ei t« %«««»: w»» «i •»» ««©»• 
\ 
'tm fr«»gas# ©f 86.0 ^Uisrtt» ®f fb»^k«i?i© a©M !»• -1&# #«» 
©f smma&my petessim l«®s «« 1 Mlltpm »f fjw® isltro§«a»*B 
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«• is • 
wrioua m m3MB m m aat^ ral ^Qspfcitt» 
fertillgers upon the i^rowth of Azotobact^r in salxed VJith, salts, 
•UiL0 best gros-fch tms secursd with jsstgiiesiias phosphate, follosfgd by ttte 
m&leimi, po'tewtm, aad »lta to ik# mwS»r y«*Tl@ ®»lt8 w»r« 
Bot utilised, the laoao-m^nesiu® said sodi\s2fl salts gav® better results -tixta 
tit# miM»* , lo»o*» *»a MM. *hmxt tm 8S» 
wi mw^ pQ^ ahm aliawd I.«8s s^ta tlj» 
Othg* Mlaeaistig 
fhmm .lis wwfe 'WviAtaB# ta»t *ny 3j4»»rfcl« «r» «r ka* « 
.fcifluejaoe on Azotolmctei-, Gerlaok *a4 l-Kj .mAs % 
«(# %1» of da.ff@r©Kt salts ia the cuStm*© sedia upon tlie nitrog®a 
f iswl hf if%«r « p.«ri©^ ot 6T iiatys •t^sy f^wsS «i-» 





S#ri«« X 111 imerpmie 4i,t 
&9tUa U 'til 3.1 
III 21 •§ ss..t 
mw%m. tf w 2.S •#..1. 
f liMiSttt I. «aft F 0,t 
S®yi## tl ^Sithout m 18.0 X01»^' 
Series Ml "'Without ®6, ,*ai S 21.1 X9.S 
Series VIII All imtrients iminoculated g»T 
tfc« mi f«r sit»pia 
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Htpws »ii Slwiff .(Sll «i4 C«i%»r mt S«4 (48) 
is£X%»mm of th# sshMri&m, alt»t®8, stilphst#®, mM of 
emletmji.. .a^ngsiwi, gwag«»®® «ad ijres oa tb« nit«^g«a fl»4 ^ Aae tofe«.«"b®r. 
fe«i t-li# t^xielty of t&««« salt® ia wlatiwly 
ws« gov^PMst % 'tt« #p«siftA salt Mid jiot "by •&» el^ro-osgatiw^ i#»t 
M i.» tl» -mm wttfe mm ol^t* s^il 03eg.«jai»»* thmm sttlt© *«re tomA to 
l«s# toxic %» Awtate^tttr tban t® Meaifi#** md aitrlfi^r#* SMlm 
ms toxie te- nitrogm ftaters .IB soil at a ««ac®a,tration «f #»:S to 0.6 j»r 
«)«* «f «i« i^gWI «f tb« «oll,f i^l« s«it.» siti a9t,%«e«@: t#xi® 
«ntil th® waespatration had r®#W5hed about 1..S5 psf ©®Kt. Sodium earbom^# 
mm iMt tffisA# wM salt®, 0«4 t« #*S pm «»% betag stiffiol«3ttt. 
%I9 iahiMt nitrogen fix&tion, 
MfiMS (63) addiHS, wrieas ««.lta te «, waBl%®l 
ms »ltb f «# #«!%«?•#« #f amd 
Sa sei-fife e«@«tt addition of 5 graxas per liter ctf soltition 
<ni!Wt4% @f fia«€» F»-yrie oltl^ride imi^Sjit itx&tim* 
siw te««wr.» &ai Uttl® m %mxAkiy «f all3Po-g«a 
^41# stekBl silorM# «t liw 
*»r» »«!- toxl® «l- hi^- Qmmm ii%) mm 
•^M€M ttiRt i».tt im-d i^Am mm: for m© grwth. M&tm" 
«»i -ttiAt alMiwag mpprnt^ slse  ^ titaaim, silio^m 
«i^ t*lt«rtw «» a«t #sseatial and that oofper smd «xnc ar© t<?xie in smM. 
fti»»titi©»«. M^M»R «a- 'S«rk: (St) ffem# m of insa ®r 
wfegaestw ta tlt» ^trog«i-fSxtag pr®«««» by &«f tomA. t.h# 
WBdwa- &*«%» #f attg3»siw» a»d iroa teoteb®%8r t«- %• #i©S-
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•1  ^
o H c f -y* 
m -m 
(ft# thm laol*fcl«a of mmmS, fm^m 
MiiMh ti® #owth of I4ie diphtterl*. %«silla«-» a.1.6 towstlgafer 
trm «•&» II growth factor yAilA e#«li »fl«» 
s^fe-g t^owus# trm IMs eoi^ o«»d lia« hmm iiaatifijs# as |»ia«H© aoii 
iM'tet tl» fowala. O |^0Cco«)g. this «%«%«»# mm Mtimlmtl'm «t & 
9t gmmt pmf- -em et miSA* #«» isttks 
Al« -te ft •r^ slsAlla# »tt%ste»is liver lAlA e®rwi «# « 
m^msmwy gwm^h •••i^ »si..Mi..., ffct-f- »*%#%»«#. 1» mlMi. ai««» 
tii»i« Heidi,: :*»d Jt* wai^ w effect is @iwrt«d get c£ mm 
»tey»gtttt p«r e® #f wgii.*.# Swllb r^ *ls» fowal &«rre« «« m 
grrnmi tm^m f«r tfe# 
C®S) to ®Si fwimd that ys«#t fmtmr wfcl#k 1# 
•®#««a%iml. fer .g2'»% «f ta^wMsil Mr 
B» mVhrmls* Isi^ t that this la imm -sp«r©-» 
g©ass Ti1»j!dn» 
*f@ry Stfwirt #%• «I (M) iBtet »©» tewii® •of 
«®rt a gt«e«tb«ftr0»t4ag effect * si^ er #f 
fM« «ff®ar#d fc® fc# tft %b#t #««siei %y fOTi«sti<^»s #f sfl#®®,, 
ll-rer g«l&tia did sot aJisw •&!« sttMaMtlTO 
IrsSKfti,.. W0«.i ftai Sertas CiS) fo«aid hydro i3ris«d #oafc®d»d m pwtt 
facteT #«*• -irtidr#*® fr««i df l^ wfcft «I®a6i#l -Mwlse-fist* 
•ms »o% ©fet«:i»at IS. fwlfi«€ -witii# acidn *«« sift»tlt«te#: i&r tli« mMmim# 
Wmy •tts-t tktt. ff«wtli, i^gkt hm m mim .fceii ot4i«p 
iMm 
Ittltaea. «€ Wemmr it) mmm^ wmU ^«y mmmmd ^ 
rnmmmwy &.t » f#r t&«y ••e©#s8fa« 1* 
I 
I 
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tJi#-' wm. m wa.A w lilO.OOO la. tlia 
lagditta# Mmtmr {6S) wportM ttiat A».atobaot®r syathe«ig»d & fae'tei' 
®iiail«.r or Meatle&l t» mA»r»mbluhlm B, ^ 11® Qmm»» (42) 
4»'l»fc«.t#r ©©•ttM «ya'fe»8l«® sTgast^ -^©!. !«§ m>t •ritmiB &»• fiit* 
work "sould indicate ^^a,t tritamin B and S do not ne«i te be sMed to oulturi® 
mudtm fmt  ^g*«w  ^ #f ^sotob&cter. 
13ser« t« well «vld«a#« that hxmm my stlsmlat# Asotftbaeter grwtb* 
Bram and. Alii SOB (IS) found that th© addition ^  mosmsn husais-foraing mat©-
mxSxm mmmtg for f«m oaMitlem. tmrmmi aitrog©» fimtlon t# 
ft -TOSffiiiftMlil# #*%•»•%* ?alm«r (M) li&«4ii© 3aotle#4 m& immm& la alteogw 
.fftllswiag !&• mff -»f §.»«, »*» la tte f#» »f e-Mmr-t. 
'Ami &r mtmrn- %» gfiB&tast ww wt%h 
{I) (rnmrmi tiiat Asotatm-etor mmM tm- %m  ^p#ri.oitt ia 
»iia bij* tfemt lai® g-r»%h 
littiw me iRi4*t t© 'tti# »iis good grcwtfe ms obtaimd* All« states that 
ief i* ^ "b ksotctt;*. fciii %•. dis#  ^ ppi^ isewH® ®Jf 
.«#» imr# •la»sts, th® eolloM&l content, tlx® Iron present, or poaaibly 
Cm) ia a,d4®d ir«ryiiig amimts ©f fcwm® to « fibers*# 
solmtfea e^stet^'ag. -tl* MtlS,.eemm '#f Ijuwss i»r 30®' m «!' 
ssltAios: -eaasti t tl®»« « aiti^ g^m te- %« ft»t us without 
-Of pm 100 m mi «#t«ti©a iai« fmrttty ©f 
altragm f t© t ti.®s». Wlnograds  ^ (lOi) ^a8.l«rtei tfc#. .«lf wtrliBat#, 
mmM&im Mr m* ©f Asotobeicter la its «ta«I soil em-irmmmA mm 
fr#.^ e%s r»»«ltS«g, fnm. wgMi® »s*%#r# 






































^ ;  I  i  
"'A -











t  n  0 
: I I i 
w 
I I  















I  i  
% 
i 
I I  
I 
i 8 
"I* w$ * 
4« * In fwt#**# imr high®*- pl®ua-ts» 
1920 B©y««-J©ns«® (9) ^Mwt3»t«d tti® ©xi»%«»e« sf *. e#H «l©»ga-t;li^  
#r ^Sfeieltstoff» 1» promsmi It t'f» tiw  ^ -#ol®oftil«8 &t ©at 
sprotttis* Xogl «a<3 Saitii (Sf) »«M t&© grcwtli hofmsm of 
fi®»« iHr«8tig8,t»r8 fftwd tliftt ttrim w«t# ««^6iftlly ri«fe is a gj*«  ^
Lifc« frat^ 'tteal© «eld utmia A in Astxia f or #»• 
!*«• hmM tam& in e&m g9m. oil, mlt mM ymst^ m wsil *» i» ts»r» 
of mio©. Thiaiftfi (8T) has shoum tSa&t tEe substasice whieh lOijl d^slgmimA *» 
aitxin can be iivided into tiiree substances laste t^d of tssro. These fa««Ms  ^
mm gi-vm '«!# mim$» #a  ^A, mmM B asl- la^sirMttsdw# •^ fc.iaraa fami 
all had "iti# ««iwt ikfej-sio'logiaul effoe-t m. plmt#.# 
sat ltt©heo€  ^ (IIS) i*w r^ ^Tisii *fatfe®tic eo^©«ai« 
-Aifth stiwtti»t@ plmt gr»t^ * tlwy eall the* *fe»rl&ls a-oxias# fii«y Imi^  
f#»A tint i«y »t#ri®l» «li «« iadel# 8 a pptft^ slo a©iA* •mpli'^ l«n 
*.»14, islolebatyri# a'el<i|^  a«»tt© «M 
«^»r* stimulate gr«t& ©JT r«o%t « w»ll »® ami 
mt «««tt0 mM *a4 mM wars s»s% 
«f tl». Ss tawlte %f ®«ats ©f « 
gl«« r»d t# .»t»* #f %wt#0e aal t«1)a®eo, a mfM l»adl]^  of tJie st«« rw*-
^«lt@4w; tfcl« Wis «*» «» 
%M #M«' of tfc® #%« %ii® mtertals w#r« fli#©# wttsjfials «©» 
•«l8» ta « »ii4»a% sol^ Mott t«s*feo flmtf wm^ fmm 
QS9 %«> ao aillip*aft mro p«r llt«r of g0l«ti0B* ittsa* 
Iftttia ** obtaxtted at stll conceBtmtioas,. fSie i^ijb«r «©nemtr&tloM.s» how*' 

msiy factors hm»i. »per%®# 'AtA bacterial 
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• -$4 *. 
of #oil 1^1  ^to til® Slae# tb® 
eolsmi®® i,«r©l« l^is£ o« tli» ^ Iwmi aarf«©« of tli» #»il mm mmlXj 002-
splsttows %®«t i« md# t^lsout tfe® mm ©f » ml»f«Esof«, 
(h) wm pre|»r®d &flseor|IS»g t« fb» i.litmti&m of WS»»: 
g»ii&f ( 10 .^,, ,&« ailioA g«l m® flflsetd ia tO © t^»»t#r f«tfl dtfitoe 
i»i ia^«l»%ei «« §ri® of soil# SMR liir# tn©mb«t«4 «l 
1# ##r i 
(c) For testinr th® witrogeB-fixiang ]^ mme of th# soil & nitro'^ t^^ iwm 
littttl "aeitft mm- %# %h« 4lap##%i®ne of Fr»4 &sd Wakeaga 
(30)* .fe© m psrfcidwt -»•?« p-iMJsd Is ee lrl««®yer flasks 
a»d wilBi 10 grfis«» Oht mitm %» ewltw## ^ro tl 
(d) Thii toluble phosphorus was determined "by tlie direetioas of 
Parker and fwdg® (78), This sistiioc ixxTol-ves tho use of eolXodioBi g&cks la 
iAl©fe a ©oil is pl&-e®d# »mm&. #f ,^ 0^or«8 dtffiastog ©«l 
la 18 feottrs is a®te3®fe#i o©lori»trlcatHy ^&®slg#s »tli,o4# 
C«) d«t©yM,mti©i» mm aafia % 'tt# ftHfiy s&A .l*t# 
f47) 
|;f| ai-lro t^. Wft dstemimd by •&# ByeldaJil-atmnin;^  *%#4» 
Cgl All mrw 
#f ths qulnhydroMt 
gr@ft't»a%g of 
sell mm§lm mm. S». 19f§ fran 
tto «B. th« wst iaf«3r%«iit soil 
typrnsm 'Mimm different sell %^®8 »•# %y imi 
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m 1  ^ w 
%©• f»m mm- m^t% '%«• 
ma-hh&v* Aftftr -mA s« l^» bad alr-dry it ma pmm& * 
8i«v« «i 11b« pl«ie#d ia a Qlmen !»««» J«r mtil for 
ill i«%®*mia«tl'da0 wtr# aad# in awplleat® mt trlpliftnta mi: 
th« ^tA ©f ftll t&# m IM.tvii.'mt 
l0m !«««» tei*: 
fi». I| 
fhia fl«M Is lee&t^ d in Vaa Bwai Coanty to %hm 
mst comer of the the soil type repres l^M Is Clinton stlt 
|.i •rstfc» .««si% «««!% s^o»tag * ttm »f *'»«• t 
tt- 6 %i» fei* »#»:• ll» ©rgwit©: mtt«r t# sawwbat lew tet •ttis 
*- iftiip-.wftrai; ef 
. Liw TMis milled %o tkls field %to rftt« of 8 •§ tost p#r «or® «.t tk» 
WftasAng o-f 'is litt» *M«r« wn afpIiM ia IQ^r.^jsxk 19Z$, 
flaw m® #©l©i3ti«8 mm %1j# *1'^ w41 
fim tli# miA lto»= tt tMt »gMii«a«'lia-r® »<^ • 
%ie#9w m-m tti® soil mmMi^y hma "brnm r©4tio@4* Q&. th® 
«Wi®r hmd till# lew ©«%«% «f eolnbl# my 1# %hm tmmm for 
tk« failar# 0m^ #f «*g«lsw « %Ms. mil* Si»« «oti fr«: 
t&» eafti Ji«®. p-l»t .gecr# * fsirlf « sitl.©« 
gel bat so colonies #«v6loped o»- soil plaques m ta liquid cult^if«s, t% 
«!©!»« tMt •&•« orf«ait»# mm a1>l« t# grew oa sllle* f«l taiaa m tfe# 
soil rjla^ues* 
tmrn't 




iStwohsStar^fbi + Mm ' p®r 





..., . « 
ig I^w-tSTSeai 
ftl«» 'i g®i I 
't .#• . !• 
iWat®r I l^ m i 
'tsolublet qtiirssseatj Crop Yl#t.ite 
spkos. : ia 113®. ; 192f» 
I ,8 
/t  ^ »• 
faai Sums Camt^ n Igos^ngm. fimM^ Cl-fatoB aill; .les» * ^Imrnt tmm/n acre 
Fi» I ei»©ic 




















^pgli# Gmsxbfrn %rs0ii FMMi, le* II» Srwdy .silt Xanut ** feaylgy hv^mm 
fl* I Ch«#k • ' - « 0 l.t i.«8 ,181 ffOO 17*4 
PI. gM+L * «• -M-J- S,S 10.0 6.78 g.49 S140 27.® 
?1« »P» *•*1* •W*#' •'|"i"|jif' ^#S f »&i 'filial M9*S 
. ySai^ ile S i^mtya.. y&rgoa fields fg* Zfa &rm4  ^silt l0«m <* mm hn/mm 
f i» i  Cheek ' * . 4# f#f t.i i»if mm ma 
P 1 . 2 M 4 - L  •  4 ^  4 . 6  6 . 1  7 . 0 9  1 . 2 6  0  7 4 . S  
fl,# i • • *, . ,, 4 ,54 8*5 6.6® %Bm -^.S 
Wmty Csmty, 
n *  Z M  +  h  *  
PI. » l*L4g.l»* 
It, Pleasant Field, Graady slit los® 
;; a';{ " •ft* g7  ^













;o3'gr«®''' TUT"* •mry 
n » Mnr@ 
I « «3tt® 
S .P. a st^ erphoS t^t® 
PI, 
L « Ltefistsm® 
.* h«te 
0&»«1 »'m •fwtteBiel' 
• * a© gswm 
+ w poor growth 
» fa,ir grmt^  
-H4- m good 
m .1^0 m 
m# Vmsm fi&M II 1) 
iMs field is located in Wapello Counly ia ife# southeastern part <si 
tl o state. The soil tyge s?epr©B©ntecI hmm is til# Sruftdy silt loam, lich 
in «. :£i«& %lael: silt * »ii0p«fc# 4«gr»® of a.eldlty, 
f&irl/ wi'^  srgmi® »tt«r bat iwi^ wfe l^ sr is 
tlii# soil tff# is lis* S«-
ills® ia«t®stt«8 "Hiftt •Jditis^s #f m4, mxmt» 
prob&bly prove profitsbl©. 
•ffcla p«yptlttal» i%mM mmS.w .^ 4 t«a» of IS*' ta iflf t t-eiis tss, 
JftS.. %pUa«.ti«a» »f ^»ir# w®# art# te 191?,^ . Itt0 sad la 1926* 
f&« ftrtill«#r fei»t®8ats ippw^atly wkM soil oondltioas B»r# 
fst-romlil® £#3r growth of erops as w«H fes tm lit&fr e©ll 
re&etiOK op tlie <Jontmt ©f soluble phosphorvis aS^t w«mlt« 
:tt®9ttr#a m «oil • ^Skt# im iteli m»4 4®- !«»• ia. 
solttM# pl0-«|4iarm%. •it&tr mm- #f «i#it pyw^M; tf Agst©t?aet®r« 
lb# kasw * g^air&Ily 
fw»»isle. fsr coad contains ». fair saaomt of solubl# fk®®-* 
pMmM-* Wm tftll t^ «^nts hftT® also fead a fa-yorable effect tit# 
fowr df ttt# »iJ. «« %f tfc« g#i 
mm W-mrwm «»M io« I? (tmhU l| •, 
&ia ft«M Is wmty mi m iw» #®il tfp» m-
tfei® lifcst «# t«tt»A6i mh&m* Qit« aatl rmmi-mi, m «pplxcafct«i «f toa«, 
ef li»«taa(e i» litf ". ttwsso  ^ wm- Ss t»  ^a»d ItSS* 
a®: results lt» ;«r» « littl# iMsaftl t» tfcat th« pmmmmm-
«f Ai#t«ka,«%®f w»« fe s#li *i% «. is §ta«ml% 
Si »-
eQasii«y»4 m «rg«ia«i* 1% Is fetslbl# that if etlsir 
soil eoadl-feiow «f« my teg *l»t« m grm la toll 
jasjro «,#li 0. S*C»* :Sfc» MgJ»r pi mlm- et th.» seil whieh tod "b#®®. 
wiM rnmrnt'^  mQ, tim mar tli«% «f -tfcig plst ml^ t »x« 
plain tii« mm^ wi%mm9 %«e%«rlAl .« «i# imi-mr*: 
mm m* mm&&m n^u (»i» 15 
%1» f i^ d ie ta S)KBU  ^ 00110%« iatt typ« r^ praseatei 
t# tk» Sr«i% «i:l* w6i^  *i# 
*B appllsd to tfels field at th» rat® of § toa« p<sr ««r« ia 
1916. «iB added in 1916, 1920, 102i md 1927. 
M ©MitiM-i sa tlt« soil pla^s 
® fair aitsregm flatio» msurmi m niMm. .§*1 IsswialfcteA wl-fe soil 
from tt,® tw& f«%ills»d wils# ffa« li*^. i»er««f«i 
«r0p tii« ftltrog«i»flsisg powr of tfc# bwfe. 
yl^ Ms thm tli« fmrnt*-
1ft# Mississippi t#s®ss si 
T .^ia .Utts Field 
ftiSm fi»M $:S « tlt» «itt imm t»- Wmemtinm ^Sewtf* 
«i S» * "blmck «®llew silt 1mm* ft# eoll wwili 
©f t- %» 4 t#w» a»il is fMrlf «8ll 
siBppli#4 s-ith atter^  but applicationg #f *aar® aad piiosptet# #r« 
r^ ort»d t© fc# 
lii» wm allied %«• 'ttsi* tt«M at ti® ©# I %om |«r ier# 1» MIS* 
^mstm wm applied in 1918, 1921 md 1926* 
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» 4t * 
ia IftB tkM 1M§-* 
%« f«rtlll«gr Mm «?«# %at hvm h&A 
®ff®#t m A*®t«l»et»r m fejr • tfe# 
t@«t* atir tlxsttim, ms o%tai3w€|, liowroipj: #a silios g®l plAt»s 
inoculated 'fsitli soil tii.© two feartilizefl plots* 
fkm 1mm Sri^ &xm 
3&.« F1»M in) 
lii<i©pead©m# field is located on ^^mtxigton loam. HiS experi* 
mental »Tide.Be@ &Tailable iMicate- that thl# soil responds to applications 
oi s»i IM® ft#ii *m 
application #f limestoB© Ib 1921 at the 'm%9 tf* S torss f## iter©, #111# 
mmut^  ms *4i#4 ia ItiS «i ISt?» 
*attS«& 0f soltfljl# mai tfe« r&mtlom *oiaM frsbsbly 
plain tht« ifi:G«r®«s gfwfcii- mf Ai«t©i*«t«r «>B i^s soil.- Wtm t&em  ^ 'Qits 
#«1.I lati 4 'iwwpf of' Miitiew mi 
iJii# ia %l* ttt*# «rg*l3ti»» It ^ .-ppmrn .^ 
tiijir#f©»», thftt €»*» mgmAmm M» « vmy Migl r»tair®i»e|.* 
•fm »^«€ M»« CSAl*' sil 
Si# fi«14 i®. f«y@t%0 C#«% 1* leAwm ms. 14i» C'sirtagtw© 
!«»« ai« m%l %-i>® ts fairly w«3.1 "Qm- ««.s«atial plaat 
•feat is ratfeer 
wm .ifc4A#i %a -ail® fi«M  ^ r«t« ®f € tmin per wr# 4» 
WKwr# ms *fpii#d la 1822 mA affcta. .la 
Sl» »ry high aciittf »f «il plots "Sidll probably esspl&in th« total 
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fr&m »1 fl©M lomtrnd ta mssottrl l««es C€®»t*| 
„ ' I  ^ 'I i' ' 
fl&t S«fc@r « test i&tlea peri i later f Crop 
t '"" tSt«^tltt4r®li"'' t i pi ?l«l4s 
S#ll fStweln + i-f Ma# it'Ueiti t pkos. tto lls8» t 1^29 
t * Mm t"*-fteg.ttloa t , t t 
Semtty, gh#rote®<i FieM, silt lorn. - e®3ra 
PI. I C|i»#k - - - » 4  ^ Q B»S6 I.IS SS50 m,B 
?1. tl+l. • - • 4.8 S#6 6.31 l.Of SttJO 09.t 
fi, s mA + s.?* - • • s,« s»t 6,si gsso lo®*? 
Slota Comty  ^ tr@tm Fl^ ld  ^ gilt lo&m «» Cora %M»A®re 
fl, 1 Cfe@©k -• - - S»4 S,9 S,8S 0*8S &im m*$ 
- « 4.t f.S e.4& ia$ fSOO 58.8 
Fl. ®»,1+8*P« « f » ' 4.6 6.T 6.SS 1»M 920 iO*8 
M ** Btosors 
t « 
S#P* « ®t#«rfTioeplat« 
Cheek «jao tre&tsssEtt 
- « BO grcnrfeh 
SB poor groisrth 
« fair growtb 
44+ « goo# frw  ^
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3 1  
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i  ^ ;  I  i  1 1  
f s 
I I ft 
•m- -m 
fii« liicoMiB 6mm. 
mm s%®ri«r CfAl# ?t| 
this field is lo«!»ted cm tix® Clarion loam in Dlekinsoa Comty. ^ta 
»il. typo is naturally fertile but erop yields ai«» Iwireased. throug^i good 
soil mnageriseafc» fke s^jpliostion of farra m-nura «#i»s to b© especially d#* 
Bimhl®, m lmrm.am in plmt Mt® '^mm smvm6. f9llomits.g ewsfc 
*|5pliea%ifl«* ®!p«a tliO'Ugh tho subsoil is oalcax»»«s$ -ft# s-orraoo soil 1# 
usmllj- aeid. Frosi dskte, 'tfivailal lfS it seeras that mpplieatiojis of phospMl# 
at^ t^ %». oa-Wilft typ-fl# 
Mwf *»« RdidW to tte-is fi«M th® rat# of 2 tons per A©re «fc tli® %#*• 
glaaiag of was applied in 19tg, 1S25 18t8« 
s<sil ta the ft«ld h^m mie ^oadlttoas i»» twrQr^%m tm 
the growtli #f Jt«#toba!jterj, as raeasuroid hj tne nitrog^jn-flxiij,'- power of ttwt 
s0il and tk» gr#^. «f tt# »*®iBaisw m »ll- f i*|M#S:*. Tbm 
^ssftete »y k*y-© ©mbl«d sst!^ llal»®t of &,s©t®l>aet«r i» 
tii« soil^ Imt wli« mm ma ftd4#d tlie pla^-oss asr® -slgi&rma® growtt. 
®r«rly Fi®M^ S#rl©t I (fabt® ¥l) 
'Stl# f%mM .is m tt# 0*Seill Imm in Clay County. liata 
iadi«i,t« that the chi«f needis ©# tiiis soil »k-e it productive are 
f.liefttieits #f Sarg# ef f*» iwaiar# gr®en tmrnre. Since tfa# s©il 
i* add lim- i« »®p»eiftl2y t^r Wtm- %««% .p««S3 of mm l&gwmw* 
istft also Ixidioate th&t pto^tLt# f«rfciliaers -sfill g«iemlly iwsi^&a*- is»f 
:t4»«to«» wm ».«#»€ t:0 tiiig fi@M sit th# fm%« ®,f I t»# f#y per# »t 
l#gii3M4»f ef .l». 19tl. ta litl,#, Ifti -«»i IfSS. 
fttl« ft 
Sismits oljtaiaed tro& »3q)«ri®6«tiil tl&lM lo0«it®4 la ®is©«asi» fiplft Area. 
" ©3¥uS' 'filSogS' 'f 
I . • • »»ti0a p^rs 
t t & r c ^ » S % k r e f e ' ' i  ealture t 
fitwekf • 14 ll»i ifeiiri" "'iiliSs 
.1. iJAm fl-gtos.tttoB i g«i i 
and 
Soil fr«*lii»»t 
I » • s 
I fliiaa r«» i Crop 
i ^ os. * ia ll>a» t If It 
I t 
gtekiiaoR geanty  ^ Sia r^ier FtgMj, Slftrioa leas *• Cora hu*/mr» 
PI, I Cheek 
Pl» 2 3M 4 L 



















Cl&y Bty®rly FIPIA^ S«»1#« 1,. 0*B#ill l&m • Cera hv^Jmm 
W. 1 ©is«k »  ^ - i,S $S S.fi 1..4S 6160 U,t 
Fl. ai4-i, • •» 4.S S.S s.rr * isoe ma 
Fl. 3 M.t + S.f. - » •* 4.7 a.l 0.27 t.4S -SOOO 40.0 
0Mf flemtf,- Sverly Field, Series 11  ^ Liaaour® silty clay lof» 
Alfalfa tons/aor« iii"i(iiii|ii'ii|Nii>»nCMiiniiiii»rriimi[iffi^il^^iir»ri:wir<riiiTitriiniriiiiitiiirrn''i(fi»iyiirnrtn--Tr7"r" T •""nfi nnn'T ti-i«itiTri"rtrT"rr iiiiTr-TrTtT^rrrT-firf'"°~r^T''Tfn''ir'[T'fl~Tirii'• 'f' t" —rrr"—„  
W. 1 C&#ek +44- • 4.0 #.S 7.70 1.47 0 2,» 
PI. a 1 L *• *• §.4 11,0 f.S3 2.0t # S.i-f 
?1, 3 1,1. • S.F.. 44- 4.7 lO.S f «Sg l.«8 # S*7f 
* « » aft ts-ea i^st » fair 
t- « • « m growth 444- w good ,gr®*l4i. 
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s«lts wmm %:h« #ilie.«, .g,«l *M' %k« mpm^mn^om 
The nitrogen fixed la %M solution eult'urgss «o\ild hm (ia» to orgeoiisms 
thaa A£otobacter« f&# mmxxte added to the two f«rfel.lt*«i soils could te» . 
flaenee directly or iwttreotly the stmiber of tiiis soil. 
fJie UioBi^ son Field (Table ¥III) 
Xhis is loc«tt«d on -tti© Clarion lorn in Comty. ii»«# • 
iail# •««H. t|f« i»s b^exi describe m fttrtt*r'i««rtftltta. *111 h» 
:gtwm b«r».* %Msm mm, applied to tkla flmM *t tjto itmm @f t %mm F#r m»m 
«i %&e ls®flmiiig mt tke eaperl»»t. %fl,i©mtl«as ## *»» *i» Sm 
imz m4 1S28. 
Hi# rmmtim ®f %fc* «str#st®d seil is .f®r th# 
•.mMJvm wf grs* « %hm ®«ll plat*.® mAm wim »il* 
Appareirtily %&® soil treatraats '*©ry b0a»fi«,|fcl t# %!*• 
ffe»e« eoli«.. liaii4 S fwap« Mfw# tl» soli *»» 
Oirlng tMs tim orfmlsM m^y hmm hm&m »tll »«t®l>ligb#4  ^ 'ttw ti#-
vigorous 1.2@%e^et«r gro^vth on the tr©ated so lis» Tae soil f re* tlte pte»» 
#l#t !« «• @f i^s fiew soile;»i* ftttii ttaM # «teiob. ft 
%#«% • fh» ®©11 trm^m^w im:m 
tlf ia«-r#iM»i tiPSf. m *@11 m mmlt ««ditiaa« »» immmhlm 
fer tli# a©ii«sf3^1sti« jiitrocjen-fisin-s orgmls»# 
fh« Ankeny Field (Table Till) 
&l«- f i#M 1# iTO&tM oa thm ©lay loasa tot Fo& ®t# 
W#%«t#r elMf l»«a ie % vmy productiw .soil but is likely t® i» 
la ®pit» ©f fa.«t ^«fc till# soil ts ia drgasie matter it Is 
%« m faer ,^pi»al ««tl4fea* S*ti' He*tlons *?• r««w««-
* .0$ • 
ft"® OS 
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©totelat# wl^ m^tm trm. tUUv Wiseoatla arif% Mm 
f 1»% t t»»t 
sSitrdgi® f ix-»i J 
mtioK ssgm per? j Water 
4 !• • 
«£IJB© r«« 1 Crop 
&Rd 
soil «St»r©hs + •*+ %im 
s 1 Mae s* Plios. 
iSoI«»»f Silloftt t pM0» 
stlm t ml »-
Sin »s. J 19gi 
.1 • 1. 




1 C t^el 
f 1 4 I. 
S 1 4. s,p. 
«•• 4* 4* 
W' T-'f^  
$4$ m*t f»m 1.S0 
S.2 iS.T f,$l g.8t 









2 S -M, 
3 n*h + 8»? 
•mm m m 
;«••. "J* 
 ^ 4- -Ht 
2»t 0 S.SS l*M 
8.0 eas 1,S6 









a M + L 
3 sa + s.? 
m m »»•• 
 ^ 4- +-H-
*» 4-f 4+ 
S,6 6.gl !«-« 
4.6 7.8 6.$6 1.15 




U »wmmt9 Ctoeok «m trm'tmxA 44>«f^Sr giwtai 
I, #! li3B®stoa® *• « ao giwt3i +4+ as good grosrtfc 
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i n .  
I I ^ 8 
|. I 'J t 
" r n ' m *  
••IgM mmstt &$'' tl»- tsstls t4t# «ri»£i«a® Aeeording t© • 
®po»t«a»ewg »i4ied  ^"biifc 8S p#r o«t «f tii« saafil#® ^«t94 wr« poaltli*-. 
witii th# Silica g@i Mttod. Therei'or©, #f tJies© soils contained 
Aaotobacter witieh iii- a«t prodv®# Tisibl© ooloniet oa the soil pla.mes 
4id i«wlof m g#l. P»a thmm »s«it« it h0 @es«lt»2»4 Ik# 
sllle® g«l i« wsf# for i«saiitr&%  ^tfe® fr®®«e# &f 
i»et©r la soils tij.« as f^coi* s®ll8 ar# ft«i4 as pE f#6 
Bhowd of tfe«8# orgsulswr wtiea ky fcM sillm g»l 
A®se y#«iilts mB to. )^ f#ewst tlw "mtk mf -mm p«r%l* 
«»larly Wile«, ai^  Ulsea (104). tk# swmsda. ftr tte different re»«lt» «lb» 
*ttla. tite %m miM^sds be to f«r%- "to tli» diff#Y«t tyf# of 
«aer^  «t«rials umi» As meati#»4 «t«^k wais umi tp 
«ik# tli© s i^l pJmtjtw#, fetrfc Mxtaitel m« w»«4 ©a %fc« allieft g#! plates. It 
Is ,a®»: .tttetly# Immm'f : that the si lie# ^#1 gywrtfe# 
'*rtla «t ml (SS) masslt^ l « Hm Bmtm «# #a®if^  tw tfe«lr s i^l 
f«r a«y ymm- ft vim g^nrnmllj «^pi^ -.*tot Amtoiam^m i» t® 
.s«ll» »ft acid -ttiia- fi 6»0©» fim mfk Turk (91) and ltts«a ftai Wll##m 
fX§4j few Hit# i€#lk. %s &». dii^ aftA 
li»i« wttk ti# sillem g»l a»t4io4 ar# te sgr#«asst "ttoe r#stilts ®«©ai*d  ^
itii### ti»«g'fetg8itore,« a® ii#e«r®i li#» that the liatt ©f 
6»C0 oa «sld sld« «i|^ % ># tn# rigl4# Otii#r soil f««rtors «A m 
s^ply ard o«,pftiei% wy tfc# -^ gmm wMo  ^ tii®## 
ei^ «al-MS ©ta #« Mmi 'ma Mmmmvmr (M) immi Wmk 
omM mrriwi: t» mmlmMm. wiM. m fl helm B*0  ^ iS ««• 
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ig* pe# *11# Ifeoa#.' milM mm  ^aeit tlwis pi €S ftwi'4.1S ^  p»t 
#f %Ii» nitrogen f ixei in solutioti *.$ tvidcsntly dm t0 ©i*» 
gM.i8» ©tfcgr ttiim A«tol>act®r# «toe® only ts  ^ of iito fio?.ls to Aewr 
ia %li# ##lat-I«Ei cultttret* . St# fills* gmm 
mm %hm tk« solmtioo mWmA* 
i®, mm t'WW l^atloa betw  ^ti» r^ snl^ e #%%aiai<a with tkm Mpm^ 
»fck©i And. tii» fttsatlty of wA%«r~s©la%1« Ttmm sotis 
g«w »««its with t&« wtfeid fciwi aa mwrag® «f 
t <di«. *i«a tills sm^oi e«a%ft.M#d 
a« s®il« wldeh £&v© positive «rltb the siliea e®l 
«a mf 1*70 p.p.-:,;. phospherM# •&# soils •Ms.lch gav« a«gft%iw 
s^««ltg liils iw^d IwmS X*tO p*p.a, of m%i!ir*'»tlisbl» ffeospi&nts# th# 
soil r«aetioa 1» correlated witii tii© qiia-atlty «f ^»»fHorus. Those soil© 
wimi. m pS mitti' tlM 6»0 #«aE%i4at4 |*5f' f 0# fltfei-
phoru# -^ ll# mM tlam pH 6*0 liii4 l»30 ai# i®: %m€ly # 
t^r«» fcawwwp «1»  ^ ©l* «».» ASA l»i %»«» Ilati feM 
ittoa wia 
Proa the ifets, :pp»»««teci her® It is ohriom tfct f'#rtill*«r' •%re«l» 
gi«fe# fctty# mi^ «ft»i4tt@ss *r# f#r 
ta§sm««i «f#f yl.«ld0« If eoil e^Bditlftas mm mM fmoraMm far 
gr«*tt. ©f fisM CF»p%. p^ rfclcmlftrly s«» mi  ^
will imitlA imoreOilm mMiUmu fm 'ISii® 
©f Mil fartl-ealftri|r «»*,# 
iiw«M im- »3  ^«it:« £m «i#- gtwtt.' «f 
1% fc» iwm fcfet# E 1&K% soli tr€Mati*i%« te«Wi i»wfe««€ 
^pw%fi « .^ mi*r©f«ai f4aAt.9»» »e fertilized fi#%« .§«*• «, 
fable X 
$mmtf of I#8ttlt8 m Sells fi^ m Fif.lis 
fff# &i fl#% tIo» efi8po«tagi@oti8t per gttltyr». iAy#rag® pltsolis&I® » rsqaireraerit 
t glat^ j t^hoi i^ orus  ^ ta gemds . , 
m m 3.6 t.8 S.fS 1.3S 6221 
M 2S m 4*4 6,9 6»44 1.43 801S 
1 • i + S.P ts ii S»S ?.6 S.48 2.24 2656 
'TWi7 'ff' "'•' "WSdm '^ "©?" 
s soi:^  » wlls ia 
I fasitiTf s f® groTO (iiiimi iflTiiiiLiiittriiiiiirwiii-irawiiftrniftiiffiiT^ iWr-nr'rv •i'ifiitT"n'' 
Soil® »rs aeii tii«n  ^6.0 «4 4 wil^ i apmt®a#©ae swiaiod i • 9.8 
toils ajer® meM pB 6*0 and 4- cm «ill©» g®l m ' - 04*S 
Soils S50r® aeid than pE 5,3 a»d + on silica g®l '8 40 »0 
S«ils mm mii "^ Mwa pi S»5 •*• m slliea g«l S 0 
• '•••"• " "•'' '• . of ' '"sKdspSdrma eoSi«t 
isa; J P0P*M, 
Bi»®fheres makmt ef aoili mm mlkBliim thm. fl 6.00 44 UBf 
'BkowpMrm ©sat^ nt of ®oil« m&r® mM tJi«a pH 6»0 21 1.13 
coatsat ©f s®lls liiicfe w«r« 4- with efontaxwotjs 36 2,0 
Fkmphomu eoat«at of soils -Aleh i»r# •« »i1& «p©irfeaa#ow« ^9 1.58 
m -
frm %« fItt® femd m bl.^f 
•p©»@r •'felm mA lim ftets* fM^ & my %» 
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mM hy w# ©f' m ®a« m «f 
till® «wt» msed m tli« ii»emlw, lli# ltc|«id exiltaras 
t»d H Am  ^ awi eolid evXtta-es ? 4«vf • AH were 1st 
m<i ^hm' f'igmm si^ea aw tkm mwmms^B «f 
Hsm «ctt4 lig«r» (ftbl® S) 
pttr# ««rb#kf#wli#« mm  ^is»#4 f#f  ^»ijltai«« «f 
j^ .er®<sr58»-lsa«. la. tb# mj a«% *&#»• paptftast 
m rmtily m %!»• liters f®na» 'A'i«li mmm' m^r attiaml #««* 
.sijBfl# p«fisl,af pt>6t#»« *1- r«»® »®» f»t&r « lAiiefe 
%# foll0»iBg s«r« «8®di %*•«« «9^ r^e.lal ««» u-^ nr, 
wpuf# saeros# C©»P*)» («»;p4# 
(«••?•)#• tdxfcrisa saaA. m3e0ms. mlmam, 
of »»rtbt«Ep€ •&»»» to lt^ € e«4t»»»' ssita 
t.&«- fmt« ©f 16 gt«M fmr Ii%®r and. -s-drwi ,»tl»- sal# «»jrgy ©»«»».• 
43.1 ®f th» sttfftrs .pt*» ^@ry s&ilMaf r«al.%.s# Er-ws. hmm&r, 
•mm %»t- %fcft mm ptmk mA 
B0% If it is -*#@W94 ttot tfc»## MSimmmm «r® sigitiflBiwfe,. 
mm gr««'fe»r ef Bltj»og« flx«4. ts "tt# migwr aigk* 
b# 4we iti» ig,l»lAtt^  aitr«gfitt pr«s«at, t# atiigwafels,# 
sr -m^mmwy g?owtt 
M|^ dro«hl»rld«j (fafel® MI) 
It &«» hmm .iWfg!S«%«4 tfc*% tti» ps%«S.i*3. ®f 
lafla#a» ^  rf mA :t»|.Aiia (S)# 
##*6 '%kst l^ 'Sy aa|i$i» ?*s- %#d 'i|iA1.y 6'*1.41s*4 t'^ T' 
* t»ll hti ta «^ytl»®'gyew%i»% 
" • " fal>l© XI 
Iiif IxiOBo© of ptir« »d e&Th<A.jixvAm m nitro^mi f i»tloa by i.8QtolJ«i®t«r 
aitrsgen fixed is 50 ec of solution with one gram of th,e carbohydrate) 
• * , • I . •  ^ » $ t 
te»rgy Sgarts# tA» throoeoiBewfA*. fo» ti Awf^e 
Mwmm mgw 9.4 as,? 10.0 10.8 10.9 
C«ii® mgmr 5  ^ 10.2 4,4 7.6 6.8 
Beet »vt^r- 5.8 6.& e.i 11.0 7.9 
Smmm &«p« 4#f 8.7 6#S 7.9 €•6 
Stomitol e*p. 10.8 3.S 8.0 6.1 
B®xtr©s« 0(,f, S.7 6.6 6.9 6.i 7.1 
Solulsl® starch e»f ». l.S 0,8 l.S l.S 1.3 
S^Ktris e»f« 0.9 1*6 l.S g»8 1»5 
6.8 11,0 i.S «.# 
8®11S m4.l^ ® m forties® 
1 
^ •'•M' i'fi lift: Ilm- im iMk ACS. Pwir®## ii»p« 
7.3 12,1 12.5 






'  ; •  fmu xit ••  •  •  • 
®.lli£ra» aitrog^B fixed in 50 ce solution witlx -mrious concentration® of cysteijs, 
(Him additions) 
fwmmt of es-eteia fcydr©®Mlorii# 
I •.Odf''t 'Mfl OT" 
I 
A. chrooeocotjffi i 7^0 
A* b«iJ®ri3Msklli T»8 
A, 'riMtlaattiaii t S*S 
A. lo. 2 ao,8 
A-r@rmg# i i7S 
6 •? 8,6 8»S 7.4 0  ^ 7,2 s,g fi.S 
0,® s.s 9.1 9.0 10.1 i.4 0.5 
8,.t 7.S 7.7 «.S 8.8 $S S»8 7,5 
S.6 7.3 6,& 6*4 5.B S.f f.l 8»3 
¥.-5 - -s-o- -S-TT* -err 
Cystein. hygroehla8^d« ms adigd g»r wstek f»r Ishref 
TM" 
fmBmt «f feydwtelilwiii# 
:0CJi t • "« •O^'-1 "''i V 
Am chTOQComvm. s 7.1 6,3 6.1 4.» 6.9 4  ^ 7.5 s.e 5,7 
J-.-fesiiwimfclii 8.2 &,S 7.0 6 #4 7.0 4,1 7.8 8.7 6.0 
B* vi3i#l«adii tM«4 8.6 9.2 S.6 7.g S.f 6,8 7.0 4»2 
*• ». ^ e,4 . i,0 7.6 6.1 f.5 6.0 5,7 
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of gmlas Wt} 
#f this fwt of th« -work mm %» 4at#3mta» if ©ow of ^®-
ieww®£>n grains «isrt^ l» asy water soluble B?ateri&lg -^ lieh isould stimulat® 
AS9toiw*»r* .&, ttt ssk©. this t«8t 5© gj»B eawok of ®# 
©OKI, #At», rf#, iA«at o«yrl#y ssi^ m to « aad 
M&md fei SOO ee ©f ii-siiH«d mtar# 4ft#r "fe* g»«»€ ©##€» l«d soata®4 
|ko«r» »©r« f tret filtmM wilA mM i^ m 
pmrnd r^m0 «. Cfaidberl»#^«Etei» f lit«r* fb» flltmt® ma tliwi mi# 
%# i©# »e. kf Adding iii«tlll«d *&t®r» • fii«s« aolatioa® m«d *% 
ttl*# eoacoBtrations. first groxsp -a-as frftfi-sneti Isy addliig S ec of tiw 
t© 45 «« #f m%#r» a® aiu»i«l. wi w.8- ttiasai 
this lidxturo» la tli0 second grt>up 25 ©c of th® extmot w&s added to 25 ee 
of wat®r».. alsMtml alxtare mA umrom «fet t!i« mA&ad  ^tiiis 
0m§f vm: hy %%m Mmml atxtww #ai 9mm»* t» 
m m of thfi gml& 
&m imm'mm^ ta qmmbity -ef 
fi*M twt .i4«er^ s®i iiitri^ #a f lxati«a« Stasis 
»a:t»g%-g «f contained mm sit»gea %h« of mtert*!® 
tlit# !*»# tk# iil%»g#a 4iff«r* 
#»#« ttei %«i«i -mi «» mt gr#ftt t» 
1^^3r»gtjf^ «C SpFW#»i. CSwfeS.® XfXj 
'bftstg -eswr© rm o» ew l^es of cora, oat®, rym, wh«tt, 
mA mr0»». trmsi. th» mmtte tt «» #«tlaikt0d i^t w#iglit mt m«A 

























© r-* O d 










«• m m 
4  ^ tQ V 
t 4. P, 3 H 0 
« 
•f !M O 0 0 •3 o u 











































#.  iW 
s + s 
^ r 
;14 *§1 
a © S 0 @ # 



























2 89 O 










































& § @ p. 






























H. o iS ts 
o % 
(Ju 












































































































® tL JT 
m d-H« l-J 



































# 1 ®i 
i-t 
fable Zfll 
timA la fS Ht»i4 mAM mM fwm flitat K%i*#ts 
Hacfemets ©f p&stttr# gmmm 
!'«« + 1*. Tiastoilt" t£* 
45 ee IgO * i 
atosmls s««roe©f 4»0 5.i . i-»t 
1'^, ©0 ®3ci»e^' '+ i 
85 ee IgO + t 
sdlwrftls * smmmt 
3.8 
feP « of M 
• 8«6r©8«f t#t 4a ; , 
. Alffelf*: #»%»©%* 
i' .#« * i 
m #e %S 4 . t 
3aJ»®r&lg + s«oroa«f 
$4f E.4 
<50 + t 
2S eo H2O + J 
aSa^imls + ^mromt 
4 #8 Q 
S ©® iKscfer««%' + # 













® A fc-j as. #bw 













































p SJ it#: 0 jjt IJ. 
3 






























liliifintew of nitrogen fixod by Asotobacter in extracts of soils a.nd. iftsmiwe (50 cc portions) 
S&il iWdlitter ©lay 
I I9SUE& 
J Clarion silt 
I I  ^
* Clarion firm sCheefc 
s iittid { 
A. ehrooooecuBi s 
At 
A. 1 

















ie@ ttgO + ala#rals 1^6 m IgO 4- »iii«rmls * 1 
I 4 wwf# atBsret# ' #s»j»s« » 
I 
4# Tia#lmdll I IS»5 






-Ife# fi-ri-t toltttioas *i« %j ^ §MaM$ $' «.©• ef 
extr&et to 45 ©c of water and then adding to this the Trdrserals and sucr®««» 
A seeeM grot# «f toiufcioas w@» p»|»&»d bj Mdl'^  fg ee ©f «xtpft.©t to 
tS c« of w*ter >!» th# slaer«,l mlxtar# ansJ t^iEgarir# The tliirfi g* t^^  ma 
prep»r«<l "by the almrals asfi eag«r to 50 e« of th® McaKre #xtrast* 
It «f i# e&«trv«4 til® ©altiff#® fix«d vijrj little »|%r0» 
g«»  ^ 8y th0- th&m «zp«riw»ts »»P# ©«t -tti® ©rgmnlsM h$A ham 
g,rowiiig for asa&» om »5ift »4« wi%h pmm ^ihmmimls ted 
me rsttfeer It is Qhtiom i^m soil «ttr«e%s hmm 
growtsfe #f orgsaism vmrf mt«rially* It .my .itlso 1»« obasfTywi, 
th# gr®*t0st. gala la alt»g«!i •»»» ia tli« «elwtioaa atd#  ^
th# Wmhmtat ©lny l«aa, tli» »11 ia wg&nie mtt»r ftad p»Mbly 
»oat fres 13ie inBtflous «stBR«t» «s dir#«%ly 
^y©p»rttsiw  ^ "to- %&# *tt«r 6o»t«t of soil* A.liai®ttgii 
» erlimmm tl« stlamlftttoa WM SW to mmsmxj groiith tmitors^ tte» 
results «#rtainlj' indicate that thes# soil ®xtmets ooatained s«i 
substajio© i^ tiich beneficial to Asotob&oter directly or Indtr^ atlj* 
Si# »sttlt8 €rtjt6is»t witli th» £«ata*# e*t»ctfi Am ©9a.^ *4iet©t^ » .& 
lsi»efr«f |, tfc# %:»a.t«4 f to»i sor* sltrog®s tfeam the 
lii# t^taatiti#® ©f altrogTO iEix«d Is MQvm mmm r^&tmi. «*tem6t« m0' 
&»» &»« imm til# r«t&ti*aly «f sitrog«a pwewt. Ib i^^  
«tieh 0@iaditloas •&$ «rs«t:«is My st*r®f«; fr»B®at r®ti»r tli« 
«ii5tei2At« m^mmphmis mitr&gm* Sia«« tli® mnvlts obtatB@4 ar# m -wsriA I^# 
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n. % fm m 
•» 85 • 
iwm tii# #«Li. Mi Bt# .s«l«fel6» *4® ff«. 
til® mtreatM P#t# fecwewr, «MA mm mitm-gm thm thm «&*#%# 
»<i» froa th« f©1» i^ i«' f laats fe-M bmu ^mm lei slac» fee plmta frefembly 
afesorlj#d & «f •&© ala®«l# «it#i,, t&® ch»ek pots pi^ obsbly 
also o©ata.M#i •»»« slaiJ*ft3. aatt«r Vk$. potg liitire tli» flsiats tet 
hma tM oht«,i»d wl^ A# «xlm6ts frm th0 ^kmk 
pots s  ^is.ro t>i» sdnerftls anS xxitrogen sdded. It is possibl®, 
tttiife Mm&mgmlsms us®d -&e sxtrcjgsn soon after it was added. 
®te@ al%rsg«t 4a £mm ^me pots my not baT# hmn. t® 
Axotd^elmr wmm it shdwafl with m. tOital 4®l50falmtl'QB« 
-Ifc#®# 'tits% ttW'W iasy i^ 'feesiii.Js 
* as- * 
smrnm. MSCWH® 
kmm iailioat# •#il r«oti©n is tli# 
»«t faiportmt f»>ter aff»#tiag th©, distrlfe«%im #f i,jsotobac%#r la lowft 
sails. MttermA .#«ottr»d» fc«w»r# with tfe# prm^mm 
«f(loy«# f©r #®t0.blish3.ng. tit® fr0mm<» «f ^«p«  ^ Itoy ©f fh# soil® 
g«»» f#sttiT« .r»«alfc-« with, th# allie* f«l failM i# sksw -fts;* 
pmmmm ®f ©fgaat-WB bf %&® spoEt®j^ ««. 
CTaltw»« s»tlioi« Ili#g© ^»ta ia<llcate %ii#. gel a«thoi is- »i«(e 
r«Hft¥ie fijir t#®tlag the preseneo of i» soll» tliwa tls# sf«  ^
is ja«re wifely «®ploy©d» Oa •&« tests 9i ti,« #iao«  ^
%««% way iBWBtigstors have eoneluded that Axotobacter Jttit «s©«r 
.ta miM mm *eti. fE i#0&* m mx^ th#«# 
b&ot«plfe ^mtm la soil as aci4 as pS lark oM Mn iwi-®Gci4t## 
(is) timt aoi2l4 .'llw la * a»diw fmt »or« aeM 
«.•» if «A,iB»i Btfci*sg«a wa pr»««it» i.|w# mi tb@ soils la tbit 
tli®r© i*y tew %»#& •sffieleait nitrogen tm 
Wmm vF^mims mvm #ell« mm i#, 
SQils *» mil miUi &T«dlal>l« ialtr^g«i m&y s^pei%, m 
tlem,0: hm% sm^ %e littl« «r m- at*»f«a 
fi»£, 
fb» results olstaii»d wliii tb® sllie* f®l s»tisOil «»i tiMg #foa«* 
.ftf# pie&%mhty %«% %# -tk# tlff^ r-aat #B©l*Sf 
i»:l»g *fegrt«l# iM •Ife#- tw t»st® %-0^smm -etafak mi. saaai-tol 
morns' %» glw «iat3«r r®siilts t» ft® 
asMBttol w#i ©a tb# :g«l lalgbt »t«k tmm mM 
»• -Sf 
m®» Wm, Ik® dittmrmmi, towpwr# is probably ia# t@ 
inflmmm eartM % Ub® «illes §»!• re#ttl%» at# ia ftgrwa^at 
Mia Ifcii f i»iisgs &i Wtlaoa md Wila«a (104) mm- *fel# t® 
pw»&mm- 9t At©tobft€ft®r i» soils «« fc-cM m-t 0- S.##., 
Ill* ptmmm- #f 4.»t«%ftcter ia soils ii«» Mm pmprnmi -m * mM»A 
laetef «#«#• %#• f«»uliariy d«|>«MS«,t m m-
E«w«v«r*. «iae« * Ifn-f* p r^ emt of tb# s».llg tmm mm fccM, «d acidity 
i« ® Itettlug f&o%«r #«iw64,glii«g ii»rie4»ey. It la rmef 
©itlar ©ultw®. #*• th» allies 
m^&i e&nM %m M8«ii wltfe any pro-spmt ©f ia %i®ttag ^m-
immAs. @f Zmm «9il« * 
,1% Ms aljp»% poljBt«d otit 15iat «r# 'Im m-. 
lmg» €flBrb «f tfc» .f«rtil,ti»i soils tet. tfcst a -^ ©f %# -^ *if«sls#a mils 
etll&i %» "%!.» presence* "ritsse results indicate that if the reaction 
8a ae a «il Is adjusted to pH S.OO or higher th&t *» Aj^ otoMetwr ('Jam-
*411 l3#e®i»ft: «ii^ M4shed without imculatioa# Ass.talj#®-^  »m wil#% 
«4 mm fTOkably 4i€s«stoat®4 ao dus'l Mm mm of H» ttat 
Xs  ^as# oultiYatisa 
ia * tO' gapfaipt. m i.»otob«et®r tl&m* B» &f pimpimb  ^
fmrtilimrM t© tli# toil® liai rery littl® f«r^ #r m 
Am '^brn r^m 1«# 9t tli«  ^ mm,, hmmmr^  mry Is* ta «wtilitl>l® pb##» 
]^ «r«8 «B4 hfti. 'tt»y -m- Mttrnrm  ^F«salt» istg t^ fcaw %#« -Mrnmrn^m tkmm 
.r#switi« «r# ts with tfc« wmk «f aaM .J»4#r«eB Cti|» 
Wmm Is »# f y®«f that any of tJie «««i l*.r» «®«ts.ia  ^
w®-#s»s,ff imtQm for growtb. SttMlattoa. w« liewvfr. 
i 
i. 
% ^ % 
0 
I f  I f f 
I 
t 
I i f 





S1*RY AID C(WCUJS16» 
l»- %-rtety-fi'Wi- ##tl. -iwf 1»» wm-e ff« IS f 4«fM» 
se&ttered throug^«it Hi# :-s -^fc® m.d l0c&t«<J m •»# most importmt soil 
thrm s»it wmm t«km fr®* #s0ii^ caiHt 
from tbe mTerttliissti plot, enother froa %li® plot i^ch had mseaw*-
m&A 1S»  ^sad m tMril fitm th,# plot t« «hl«it Tmmrm  ^ li*@ 
plmte imi he-m fh« di«trife»jEtl®» vt A»et#b«et©i* la t!s.e«# wll» 
me d(®t©raln«d %y th» W3,»^gradsky #«lt®sp« wfeboil, m& tli® ®iM.« 
s«l plat® ttttrog«»-fixiss ^wm ef sells wm 
hj th  ^silioa s®l »®tlxod and liie solution a«t&ocU Is addition ^#: 
sables vmm mmlfsmd for pS, H» «4 ooat«ab of Witer^ ©l«bl# 
2# Fortywwl^ t p#r of tk« #«il« ©d»t«dM<i Amtohmtmr 
»©«-rdlag to tt.# ^aograieky 8fo3st«i»e« ©alte-# 85 p«r «#»t ## 
tt® mmplm ww» fetlti-e* •»&«, %y tl» .Bllife* g«l fl«%« swtt«4,» St&rcii 
m® 14is «er@r mmmm- 4a "tt.# spont»»«i«. ms 
•® '^i©y«a t» 'tt® «Sll« .g«l 
iw f»«f psr «»nt #f thm .s#:i'l». wr« *©!€ pH S*00 w«» fositi^  
*p©«r4lmg t# tli# *t&®4 %sA 84 »6 per cent of thm «#tls »» *eti 
ti» fl. f »at8kis«€ Ifc;# iirg««isi* mmv4%sg "fea tk« «lll» ,g»l sae:'ihs4» 
# •  z i l i m  s«l MS'ttiQi i« mrm f#r @f 
A«0t#¥ac%«e is ®oiI« t^ «8. tfc® Wis6gr*a«|y *|>0atsM®#as 
6* a» r«smlt« ii@re l»dic«t® 1ii#t Am-^ hm r^ ©emar la soils 
mm «eti  ^>6.00 «i ttat tbis li«it f«j»srlf mt Is f-re^^bly te© rigH* 
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<• SI •# 
til# -SWM® «i iilii' fitts# 
. I®* Tarious a&ttri&ls Itfcely t© es^ain gr«^k i&etorm &r t« iaflwa  ^
W8t^  «Bei la tfes e%lt«re atiia A#jr© p«r© ettltar®8 of 4®;#%®** 
wem if all -tt* *%#rS*ts: i©il m& -om^mA ss«r 
tmrmmmS.- flmttea to tto ^4»at» llj# #l>» 
tetaiii '^im #«tl e©«M ka-ra fei« imi: t$" »««• %h9 Maftf 
p-mmnt, such ihs! •wa»41w» »-lyM#awi» ®te. §oils with tlw 
org«»i© wfct«!r^  i»»y««s©d sdtwgm fixation, »s-c# %e ngsr pi^ featly 
»^a»l«fe#3i altrag« fixatios proesrs® bjf tripping ta. 
respiration, fli® stiisulatioja could been <iA®  ^ ho /^©vgr, to trac®# ftf 
Hin©ra.l8 or f«etdr® • 
IS. After th® Aaotobmcter had 'b^en grcwing for jafeny sonths in !a®dia 
wi'tti fiffl-# «la«l0«ls th#®© oj^ misw In rtg^r swd partiaXly 
•Ifia# tteSr pwwi* #f •mwi.mX'^ ting Oa. *li* itiiltisa ef 
•fenjwa s-t^ «r %# tii« iaiiti« <»'gaHis3s® maA fl»A wre 
iiltr©g»* Sfe®!^  »«t ^»r«fors, BOa» factor 4m te©«B "^ altk i* 
wmmmmj- f©r .growtli of tl^ se ergasiOB®#. s%l«l«ti)m eoult l»4* 
hmm. %• .stoerals,^  t© aiti^ ges or •te &C0mmrf gjwwtt faotors  ^
M« Ey4r0g«i felts®, -ymA *b4 vi^ wla Si 
4#e*«l8«d th» (usTOtt^ - of »ltrs!j€a fiaM» 
1S» Cy®%«la»'.ly^oeblurM®, l^oglyeolli# mid, is»»g*al.# aulitopr <e0»» 
f^ wds, inorgimte sityogtefl jeas^oisadB, phenyl tai®!# i« 
propioaie «cM# mtrmts of gmluB, &3(trmts of aXfalfm 
4M .hpt*# ••ay lirfla»j»ii ®a th» 
%waatity «-f fiased* 
Ifi. a# ii«te W i» Miioh sora» oats, slfalfa*, «i 
«oyt)»«a® h$d 'kmm. gy-ow iaer«B«d th# qwmti^ &i' nltr&gm f i»d ma^ ti»#«.« 
At tM tte® -ttiis «3i>#riaMt ms rm. •&© crgsairas mrtf l&cklBs in vigor aai 
Md jartl&llj 1:0»% %%mt.r ft* "'Sta «xt«s1ss, tb#r#fom^, 
TOiAained «» factor i^el* SN»B%©rM tl» aitfog««flxliig p»sf. 
MmmmmmMfs 
Wm wrl^r i« 4##ply t# tbt l&t® Sr» f» I*- lr«« for Me 
d«rin^ tfe# f p^«.rs.tlea of th® ®®rll®r f#r%l«as a# wrfe#.. •*»!. 
t« Ir* 4» 0* #10 has so graeioujsly assisted in the deTelopia«t 
©f •ttat #t#«s»«%a*4«i.tti» J^fr9®lfttloii8 art &lso Srs« 1. 3, 
Wifcttwi,, f • S« mi ft.. If* tlioKm- $m tt*lr «SBy Iwlffs# 
» •§§. 
cifii 
1* i» i* WiMm- i«»- ,growth nad Actifl% 
#f .:.ii^ro#gge©am.» Aas.* !».# let* fcptea (St. 
g. Alllss®# f* 1. aarf Hwvei*# S. 1^$. .4, .»«ptr«tioa etrnm^m* 
, • fS#ti7-HS. 
W« P* I*' !»•' ifSt# Oaddatioa'^reAjfltloa 
ia r@lat4#a t« tlj# gre>«tli ojt «s A«r»M« f ota of Met^^ria. ^©»,» 
Sftet, ES$S6^»6. 
Ishby, S* F. 1907» Soej® obserfuticms ofi the assiHillatioB of atisoa-
idisrie a4t»g«B a fr«® llTlag «&il orgagAw 
gla'ag^oeem of S«lJ«ri®ek* %r» S«l. 
S« O4. t* mx& S» 4 i lStl» Th» of ttw »«8e«s0©i7-
stssnces of plant t-isoii® upon growiii of bacteri-i. Proe. Soe. 
Biol, led. IStllS-llSi 
S* l*l®r^ C» S. ISS6-# tbes* M® B»4#wt«^ *@B md S«>lloid«a 
%i© der DeokmblMa  ^vm. AM9%a!baMi»r laad wbw lachwls Im 
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